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[.s.ef] 

#3]4, #3*H1 7l#«H ^ ^ofl ^JJf £Hf 31 #314, 

*«fl €34 4*14 ^r£4 ^Hl^ ^HrS* 7 3^Kr #314, €4» s}-#o|l S^l*}7l 

q. cfTjl^- o]-^^]cf. ##-g- ^ €34 €#5|-€ 

7^4 if^Rr £1°^ 0 }M4 7^4 €^ 

-^S^ £liL4 3^3°1^- ##tt til^^ ^14 ^ ol]u)nj]ol^ol 7>^} 

4. SEth *fl#£ ^t-^H^ S^-fr A>^-^Tg 7 ^4 wj-^ £A>§ ^ 

47} tfoj^ Ji.^ oflqnljol^ig- - Wr^o) ol Cf. 

£ 4 

€ J 37^^ £-1, Hi 3$ oflM^lol^ (animation), 7j§ nq^, 3i<y 7]^ *S\&\ 
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H o v ^# «Ji&aj-€ i=l «i^t§ oflq^oi^ ^ 

{ANIMATION METHOD OF DEFORMABLE OBJECT USING ORIENTED MASS AND GENERALIZED SPRING MODEL} 

£ 3£- ^-71 £ 2<i 51 wj-^-i; ^ ^ ^SHU at* S3 Til 
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201 : ^ *1<^ 202 : B^ 2*H.»1 

203 : 3I<?H cfltt ^Kl^ 204 : tfl^ 4^ 

301 : ^ A 302 : ^ B 

303 : ^1^2)- si i£f 

304 : (303)°1] cfltb ^ A^ ^JfeJ 7^ «3]e| 

305 : iH%(303Hl cfltb ^ 7]§ ^jE^ 

306 : (303 HI A£) 7]& ^ 

307 : ^H^(303H1 ^ ^ b^ 31<y 7 ]§ «fl^ 

308 : ^ A^ 4€3<*H Sltir 3#^r 

309 : aJ^J A<H1 3-g-*}b 

310 : ^%>^(309H1 <i)tb ^-g-^ 

311 : ^ A<H] 

312 : S3 (311 HI ^*fl aJ^J B°fi ^--g-^-b ^ 

313 : ^(312H1 ^-g-^ 

314 : 2L<£<q A«fl *h-g-*}fe- S£L 

315 : £H(314)*H tfl* «>^-g- S3 
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<26> ^q^o]^ «j-^ofl ^ ^O.^, 4**1 ^-g- ^^J. 

ti]^^ #^1- ^aVs}-^ <d^^ ^S^lS. H.^* * , 

<27> ^ PC-§- ziefl^ 7>^ 7}-=^ ^ ^V^Ml 3^ 

ofl^oflol^ol JjUgSj-SlzL olcf. o] nfl-g^, 71^]^ 7j}A> A ] tJ-o] 0_efl w.^^ 

^ oflM^H^* o^fl 7}^] ^ A>-g-£]oi S.^ ^ 7]# <*|6fl, 3^41 7l Al^-efl 

6 l-g-*H 7\s& 7^]9\- A]-^^o]j7 fe]^^ ^jr^-g-SHr Jl^7> 5. 

3^ #^1^1 oflq^ol^o. ^ ^i^ofl A>^^ ^o^t}. 

<28> ;$tg rri=. 7 0 >^1 oflul^ol^azl- ^5)^ Wl^3 #^12^ ofl^^ol^^ ^- ^cfl^. ^Bfl 7 > 

^ 5^. 
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<29> 3N<S] ti]^^ #^1 ofluMH^Tr ^-^Sig J^o] ^ A J7 olcf. aftM. ^ 

C H, #311- ^^-i-^ -2-^^*1 ^, i^^ofl o]sfl ^oj) 

^ 1*HH°H}. 

1^- %^£<s}^, #£})o] 7l#oj] a]-^ £1^ - 7fla) ^^(101, 

102)2h o^*}^ iS^(103)-°5. £ loflA^I 104^ #7] ^E. 

^(103)^ l^E^cf. ^^^(103)^- #0} ^Al7)i£ t^s} zjo] 

ofl tilBjl<5}^ ^O] t^^cf. ^3 0_ Sfe 4^-4 ^7> k^l ^H^-i- x 

^ ^^^m^- nfl *]--g-*Kr ^ F = -k*x Q ^-ol a^^4. ¥ H^(101, 102)ol 

Sa^, ^ H^H^- ^-g-tiV^-g-^ ^ofl £}<5fl £L7l7> ^ZL « 0 ^o) alcflo] ^ 

<31> nq-^i , ^Bfl^ ^-^^ ^~g-^ 3-^-4 ^ l^^^l ^ 

^1^^>1 ^-g-^H n. ^Bfl7> ^Mx)^ ^Jl, ^efla] ^Efll- J*-^)-^ ^ 
tcjel tQje *]--§- Ofl* *<H , SL^3f 1^^<?1 U]^^ #^HH f^o] o>sfl 
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1020030061525 #^ <g^>: 2004/2/27 

<32> # 7 |<q. ^ ^eflo] ^->ox^ £lt o]^ ^q^ol^oflA^ #71 

t§Efl# -fr*l*rfe Cflofl ^-7fl7> ^Efl# S^^>7l ^^^o] <^ll ^-S 5]<H1 

^7>^ 6.3. -8-^1 S>7l ^7>*H o) ^ &tf. S f tfl#6.S ^ 

<33> *V^ ( oflq^olAiofl Ajsj ^SAi ; nl^^- s-^^j: ^16,532,014 

JlC-g-^ : 2003\d 3€ ll^H "Cloth Animation Model ing"°l ^-yflsH ojcf. # 7 j m 

-S-^H ic= #2) ^ T^Y*}^ -£#2) ^^^>J7 o^rf. ZL^i+, <#7] 

7> ^tr^M^. 

<34> S *> > ofluMH^ofl ^ #q , *1W^T ^115,777,619 

^(^^ : 1998^ 7^ 7^)^11 "Method for simulating hair using particle emissions'^]- ^■ 
9X^r. A oM & 5L^r°) ^^2) ^r^^ ^13*r -R-A>^1- 3 

ofl ^-o>§>^ 2)-El# a1^ea_o^ s.a>( simulation)*}: c-lH 4^1 o] 014. H^M-, #7l 

m^oflA^ aHq^n^X)^ wl^^ ^ ^ofl^ ^^(hair)^ J^^H^m, ^ 
a-13. ^^^H al^^ #*flsl s.ahi^ 3^*1 &t=Hr ^1^1 & 
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#^]^ ^^H^l ^ fe^S.^, "Large Steps in Cloth 

Simulation"(Proc. of SIGGRAPH 98, pp 43-54, 1998H D.Baraff ^ A.Witkin^ £)*fl ^l 0 !^ 0 ! 

^*Rr u o v ^* ^*}-^ ^X\$r %°_sL*\ , 7)^2] explicit 3£lH «1*H °>^°1 3<H 
implicit *H<?>SUl oj^l 7flA>.g. ^ Al^efl ^i^H sfi^SrS^Tr 



£ l^^r ^o] ^SflS] |f-iS^ oj-g-*> oflumol^^ 

^ ^SSl ^«fl ^I£^# ^7>*flo> s>fe €-*H$3- n^}7] nf<£tb ^Eflo] a] 

tr ^tiVS)-^ ^1^VJ1 ( y o>^-8r ^^-^^"^ iH.^ A> 



* ©1-g-tr oflq^ol^ 
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<39> (b) ^71 ^ofl ^--g-^-b ^ S3* 2:71 Sj- Al ?1 Jl, ^ ^ ^) ^ o) ^s. ^ ^--a. 

*>^, ^ ^« ^-g- J7^§>c^ jgJ.Tgofl saI^V^ ^ 

<41> (d) ^H^M ^ 3^3*1 #7l ^7j| (b) j^oj 

<42> o^]-, ig-rgeq yj-BJ-^ifV €*H1» ^ *> %^*H ^^*>7l5. tVcf. 

#Hfl^l 3.^3*1 s. 5°fl i^l^ w>sf ^ a]^^ #^1 ^ 

-8: ^ Al^^l- ^Jl^ ^}t]} ^Cf. 

°1. A(201)^ B(202)^r ^ ^^ojl sj-STfll- 7}xln olcf . Hj-^o. ^ 
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4444 44 4^4* £±r 44# 44tb4. ^tf6\}*\ ^ 444 JE 14 

^^*VcfjL 7V444. £ 24 JE44 44 44, 44 B(202)4 *HH ^o] 40., 4 

BY^Q £ loflA^ 4*- 3g^V^ ^ ^ofl ^444 cfltV 44^ (204)4 22°] 

4 44 ^-^^(203)^- 1H5444. 44^£r 4 444 44 ^-S^l 444 344^ oj-g-*} 
4 4444. 4*fl ^144 4444 444 44^°J# £ =r $14. £ 1 

4 £Al^ ^Efl^ 2.^44^ £ 24 4^4 ^44^ ^ 4^ 4°14 44 

4 44- ^ ^3 44 4-§-44 °^b4. 

£ 34^ 44 £ 24 SL44 44=* 5Hr 44 ^ 4421-4 5.14 ^4 £3. 

44^1: ^4^4 4*11 7fl^^o.S 5L444 SU4. 44 £ 3°fl 5=444 9X%°), 44 A(301) 
4 44 B(302)7> 4444 >iH4(303)-°5. 4444 $14. 44*1, 4444 ^H^44 4" 

#4 444 14444 ^3 44 4^4 4^1 44^4-4 444^ 

4 2£°J4 44 44^4 444^ ^=3* 444. 44 44 44^-i- 4*fl 4 4^4 4 
444 444 444 444 4§ 44= 44* ¥ 7fl4 44:2 °i4. £ 344, 5! 4 

Jf J: 304^ 44-44 iH^i 44 44 AC30D4 4^ 44# 444^, £4 Jl 

306^ 44 A(30l)4 4^ 44«- 4444. 44 -B-444, £4 45: 305^ 44 
B(302)4 4§ 441- 44431, £4 4^ 307^ zl<£ 4§ 441- 4444. 4 4 

444 444 4444 4*fl 4-§-4^ 44 14444 ^H^4 -H44 444 44 

44^1 , 44^4 44 44^ , =l^jl sl44 44 44^4 44 *\}7}x] 4^5. 4-^44 
4. ^-^ 44^4 444— # 444^3., 4^4^ ^4^4 ^3 

# T L1 t44 ^4 ^7ls 44. 44 J g% v 4^r 7l^4 14444 ^H444 ^^44 44 
41H1 444^ 4# 4444, 44 ^4^4 44 44^4 444 7>4^ 4^ 44^ 4 
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^ ^o] Hj-^f: «3]El7> o] z}-.£ o]*V £ 3 f ^Cf. # 7 1 3L<>H1 o) 

" 7l§ «flEi-t-(306, 307)# ^S^^ ^o] *S\b\6\] 

£ 3°1H ^(309)^ ^ A(30lHl ^-§-^Rr M-BfvflzL, ^(310)£- #7} ^ 

(309)^1 cfl*V aV^-g-a^- u^uflt}. k&)- *>^, F = -k*x5. M-eHH^ 

cf. Jfi 308^ 4€3 a^°fl Aj-g-s^ ^ A(301)^ s^d^-g; ^ 

^ A(301)^ 71$ -^(304)2)- ^ A(30lH ^3(309)^ ^*Hul 

A(301)^ fAj|. *}uH- ^ojcf. 71^ wflE^ i = ^ ^o] «]Ei^ ^5= ^o^] ^.^^ 
°1 M^Ml 51 Jl, °1 ^ofl^ A(30lH *}--g-*Hr S.H(311)*r ^ A(301)^l 7)^ 

^EK304)sf 7jol tfjE^ ^7} 41-7] £3.(311)^ #7] 7)§ «J}Ei 

(304)1- ^o] *!\&\o\) <Qx)*)7]±r ty*&SL3, <5> ^ , =L 3.7}^ ^(304)5}- ^ 

oj rfjEi A>ol^ 4 £ o,| + olc|. a o V 7 1 £a .(311)ofl o]*lH ^ B (302)<H1^ 

(308)^ ^o] w o V^ «fl E ^ 7 ]. ol=.^ ^ofl ^o) ^(312)o] ^*V4. a o V 7 ] ^(312)^ 

^3 A(301)s|- ^ B(302) AVo)^ ^ofl tilwl^l^Tfl ^cf. ^ <^fl A(301H1 

^ ^(312H1 tfl*V aV^^ol ^^-^>^o> ^-n}, £^ JjLjr 3130] o] ^.g- i^-E^i}. 

^3 A(301H1 ^-§-*Kr 31 °H ^Itt 4€^(314)£r ^ A(301)£) ZL<$ 7]& ^ 
(306), ll3 B(302)^ 22^ 7}^ ^(307) ^ ^o] *S\^d\] o^fl ^^Ith ^fl^o. 

^ 7^9] 510] 7l§ ^Ei(306 ; 307)1- «]Eiofl ^Zlo] ^^ol] -e^Al^lc}-. ^ 

^ A(301)s+ ^ B(302)^ 51°^ 71^ «flEil z]-z)- V l, V2E^ *>^, ^ A(301)<H1 3}-g- 

^ ZL^oi] 0^^- 4^^^ a o v 7 ] V1JI ). V21 71^ ^^5. ^-g-s>^ £3(314)7> 
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ZL 5]^^ z}o) ^b\7} ^cf. ^ B(302)<Hl^ ^-71 £3(314)5* 3.7}±r £j1 "<k*£ 

o] aVcflo] tiV^-g- £3(315)7 r ^-g-tbcf. 

1- ^*Vt}. ^ A (3oi) ^ B(302)S] «J]e^7> Pa, Pb°]:CL, ^7} Va, Vb°l 

-H, 7l^ ^|E^7> ^ Dbend_a, Dbend_b°l Jl , 370] 7 ]$ ^^7} Dtwist_a, Dtwist_b°l 

JL, ^5. *S\B\7\ Wa, WbolJl, 4 v ^r7> Kp°]jl, ^7> Jbj^Jl, 31 <a 

4^ ^7> Jt_p°l5i, 3# -tf^ ^ = ^°17> LSI ^-M. ^ A«fl sj"g-S>fe- ^3 
FaSf ^7>^£ B3]Ei Ta, HBJjI B^l *Rr ^ tfjB] Fb^f ^7}^-S. Tb« Jfl'&Srfe ^ 

<49> function [Fa, Ta, Fb, Tb] = spring(Pa, Va, Dbend.a, Dtwist_a, Wa, Pb, Vb, Dbend.b, 

Dtwist_b, Wb, Kp, Jb_p, Jt_p, L) 
<50> vec_ab = Pb - Pa; // ^ A«H*\ «}Ei ^, *$\&\AB 

<51> d = norm(vec_ab); // ^Ei AB^ norm ^, A^f B a}o]o] ^ ^ 

<52> vec_ab = normal ize(vec_ab) ; // AB^ H7]f IS. ^fr^- 

<53> vec_ba = -vec_ab; // ^ BA 

theta = acos(Dbend_a • vec_ab); // Dbend_a °-r ^\^\ AB7> o]^-^ z\ 
Ta = (Dbend_a>Vec_ab)*Jb_p*theta; // A°fl ^-§-^ t 2 -^^ 

Fb = normal ize(Dbend_a-vec_ab*(Dbend_a • vec_ab))*Kp*theta/d // A°fl ^-g-^}^ n 2 -^^ 
4€^H ^*fl ^ B^ll *r-g-* r ^- « 

<57> Fa = _ F5; // igct) cfltr ^-§-^(371^ ^"Jl «HtnV tiVrfl) 



<54> 



<55> 



<56> 



23-13 



SI 



1020030061525 #^ <Qz}: 2004/2/27 

<58> theta = acos((Dtwist_a-vec_ab*(Dtwist_a • vec_ab)) • (Dtwist_b-vec_ba*(Dtwist_b • 

vec.ba))); // 3!<y 7) ^^7} o]^ z| 

<59> Ta = Ta + normal ize((Dtwist_a~vec_ab*(Dtwist_a • vec_ab)) x 

(Dtwist_b-vec_ba*(Dtwist_b • vec_ba)))*Jb_p* theta - damping(Wa) ; // ^ A°fl ^|-§-*>fe SL 

<60> xb = -Ta; // ^ B<^1 3-g-*Rr ZL °J 4413 

<6i> Fa - Fa + Kp*vec_ab*(d - L); // A<^1 ^-g-^Rr 

<62> pb = Fb - Kp*vec_ab*(d - L); // ^ B*l] 3}--g-§>^ ^7} 

<63> theta = acos(Dbend_b • vec_ba); // Dbend_b Q ^ BA7\ °)^^ *\ 

<64> Tb = Tb + (Dbend_b>Vec_ba)*Jb_p*theta - damping(Wb); // B°fl ^f-§-^>^ 4413 

<65> Fa = Fa + normal ize(Dbend_b-vec_ba*(Dbend_b • vec_ba))*Kp*theta/d - damping(Va, 

Vb); // 4^^°11 3«fl €3 A<>1] 3"g-*Kr ^ ^ #313 

<66> Fb = Fb - normal ize(Dbend_b-vec_ba*(Dbend_b • vec_ba))*Kp*theta/d - damping(Va, 

Vb); // ^ tfltr *}^-g-3 ^ ^ B^l cfl^V zji^ ^7} 

<67> ^ 7 lA^ Z|^i rf)E^ ^^£^1 tfl-g-^Kr 7fl^olcf. 0)11- S.c^ i ^£ B3jE^ 3] 

^ Wl- ^£ IWIS sl^tr* ^Htrt}. #7}#.£ «AE^ ZHfS. H3]E^ A] TV 

*]:^o] ^o]x^. ^7] 7}^r 3.^*] damping( zj-^^^. M-E^tf. 
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<68> ^ 7l# ^-o)^ jg.^.^ gt-M *H*1# ^ S3 a>^-o. 

5. ojiLcf # Ei Ef^-t!- t^-§- *H3^ aa-^-H , 15. ^» ^B]^- 

<69> £. 4°!]^- ^AHH °1N*1H^ «o V ^^l ^i-£7> 

< 70 > -g-Aj-ol a] ^-51^(3401), ti]^^ ^^-^tiV^ 5.^5. 

%<5>ZL ^Hr* ^S^Hr 2:71^ ^7fl(S402)7l- ^^^Cf. 

<7i> 4^5., ^, £H 3,7}$- ii-^(S403)7> ^^H, ol ^-^1(S403)^1^^ ^3}-^ 

^S-ofl o^*}- 3g%>^3f 4^3-8- 7l^o]l ^, £31 Cfl^ 31^ *i 

3*1^. ^ *m ^ ^741(S404)^ ^^3} ^ ^ <2}?H1 o)^ 

^ofl 3}--g-*>^ ^7]) ojcf. 4-g-0_S, tQ, M£L TflAV c^l(S405)^r &>H ^1^1 

t!: ^ ^ £32] TflAHjsq. £€- i=*!H ^^cfl ^--g-^ ^ £3t 

o. ¥ ^^o. s ^av^ c^Mc}.. Aj-7] #7jl(S405)cq t^n]- Aj. 7 i cf7jl(S405)lA-1 Til 

A>^ ^ z]- ^ofl «-7>§l-^ ^« c+7fl(S406)^ ^-71 #7fl(S405)^ 7\]*V ^41" °1 

-g-^H ^H^s ajs-g; Afl^ ^ 7.HII- 7^}^ ^^]oi4. 

#71 ^ ^«dl^ olnl Jl Sa^r ^ ^ ^ Af -g- ^ tr ^« 0 >^ , ^*fl 7l# £0) 

^ -f-^s] ^1^* 7>^I ^Tfl ^ ##tb liM Euler 3 

*r A**}. 3*1, ^f£, 7H1 ^ z^JE 7,§a] ^7ll(S407)^ #7l #7]l(S406)2l ^ 

*H ^^^1 71^2] CH^^ ^Tflolcf. 

<72> ^.^ S Al dlolE^ 7-1^- ^-7fl(S408)^ #71 ^ Tfl ( S407 ) ^ ^t^^JfEi ^ Al ^ ^ oj 

^Al^Ei til^^ Sj-^ofl SAl§}7lul. ^ 7fl^-|- ^§l-oi ZL ^aHI ^-tl- 3HE-H- 
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*H^Kr ^)o]x^. ^o_3_ t ti]^ 1-^1 ofli-HH^o} ^s. ^£-§- °}^*}^*) ^A>^ 
#7jl(S409)7> ^^H, <>] #7)1(8409) ^S. 2i&°] , #7fl(S403)S. 

^H^H n ojJ^ 4^^- uV^H, ^7} #7ll(S409HH ^S. 2i#o] n>^£] > ^. 
^Al<^]ofl 14 e. oflq^ol^ "J^l ^S.€cf(S410). 

<73> H 5<H1^ ^ o)M*lH^ ^-§-^1^ 1*HL *1^ #^1 3-*i°) ^A}°\)7} Sl 

<74> oV^ i§^*V tf}S>}- ^o], ^Sflo^ ^^-^H^ £1S #7] £ 5 ifl^l £ 7*11 5.*\& 

<75> 5L 8^ -g- aj^-S]^ ^c^o] id^T5}7l ^Sfl 2Al^ £. 8°fl 

^, ^^H -g-^i* JI3^ M-E^^C}. H^ol ,g-^-g- 7 >^i^- f>}jL, 5)-^ #^ 

nf^l -g-^l-g- Jl^t!: ^*H1 €^H=r 3*1^ ^.Sl^, #5fl^ ^-^^ 2.^ 

Ai5L £#4 ^ Al^-eflol^ ^ ^ o^] ^q ol ^ ^ ^ 
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^5} ^^r-i- ^ ^oj, oji- -g-g-^ tiling 3^-^=3 

a^^-^-Ei 4^-«l ^Bflo] a]^^ # ^o} oflqtHlol^ol 7>^^>cf. 



«>^- ^-O] WV^ofl ^32}- AH^ £||. Ol-g-^- Hj^ig ^] Oflu)^ 

&<>H, ^2:^ S^oj <>\^JL ^ t^Kg- o^tb ^H^O) ^7}S\o] ^^7} ^ 

-I: Af^-^^Ml 3]^-^o] uj^tg S.^^o] s^ol olcf. 21*1, 7l^S] « C V 

SZfe a!^ 3^ ovo^ 3^ oflujuflo]^ ^ SJif -ofl ^ 

^ ^A] 7 > 7^*1 ^Aiol Dl^lcfjL ^ ^ojcf. 
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11 

(a) U-^-i: ^4 <H«V3^ s.«; *1~§-*H ti l^ #313 

^ 2:71 $ #?)1; 

^*1 ^^JliS.*] xfljg.^ 31*1 £ 7H1» Tfl^V^ #711; 

(c) 3*1, *H1 * zV^S* ^"71 #711 (bHM3 7H^> ^^ofl n^e). 

sVji, ^2f# ^3 jxb^c*) ^ofl ^Al^ #711; ^ 

(d) ^S. 2:7d# Zj*V*V^ ^SL 2i&°] f^3*l &-°# ^-71 #711 (b) °1^3 ^o] 
#4 ^r^SlS^- *V^r #711* SL^Vtt 

ti o V ^-i: ^ ^4 ^#2^ S-^-i: °l-g-tt «133 #313 ofl Bfl ol ^ ^ . 



2] 

tfltt 4€3# 7^H, ^^^1 tfl^- ^3 ^LtLBj ^ ^ ^oj 7l§ aj1 E ^ 

, ^H^3 ^o] ^3 a o V 7 ] ^E-1-i-S.^-E-l 4€3, 31 ^ 

9? °H 3* 3^3 Z| 7 [in f ^=^3 ^oHl o]^. Jg^^ 
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^xr Q&.QQ ol-g-^j. v]?£?g ofl^oflol^ Hj-^. 



3] 
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